The peculiar pulsating variable XZ Ceti has a period of 0.8231 day, suggesting that it is a Bailey type ab RR Lyrae star, but it has a light curve shape and amplitude which is like that of the Bailey type c variables. Fourier decomposition analysis verifies that the parameters of its light curve match those of the type c variables, except for its unacceptably long period. We have obtained a new photometric light curve which verifies this long period. We have also obtained energy distributions from spectrum scans, which are used to derive a temperature and approximate surface gravity of this star. These results are used to construct pulsation models so as to attempt to identify the. nature of XZ Ceti. The models suggest the possibility that XZ Ceti is an anomalous Cepheid or, perhaps, an overtone BL Her star.
XZ Ceti is a small-amplitude pulsator originally identified as an RR Lyrae star (Kukarkin et al. 1969) . A detailed light curve obtained by Dean et al. (1977) indicated a period of 0.8231 day and a V amplitude of 0.49 mag. While the period of this star suggests a fundamental-mode pulsator (Bailey type ab), its low amplitude and sinusoidal light curve are reminiscent of pulsation in the first overtone (Bailey type c). More precisely, when the light curve of XZ Ceti was Fourier-decomposed and the coefficients plotted on the Fourier coefficient diagrams of Simon and Teays (1982) , the star was found to fall far from the region occupied by the type ab pulsators.
If XZ Ceti has a normal Population II mass and pulsates in an overtone, then it is a BL Her star, perhaps the first example of overtone pulsation in this class of stars. Alternatively, Simon and Teays (1982) suggested the possibility that XZ Ceti might be a fundamental-mode pulsator whose light curve has been strongly modified by a near resonance in its period spectrum. This idea was based upon an analogy with the Hertzsprung progression among Population I Cepheids (Simon and Lee 1981) .
In addition to the above explanations, a third possibility. merits consideration, viz., that XZ Ceti belongs to the class of "anomalous Cepheids" (Zinn 1980) . The anomalous Cepheids, found in dwarf spheroidal galaxies and in the SMC, do not obey the period-luminosity relation of either the classical or Population II Cepheids. These stars are believed to have gained mass from a binary companion, because their high luminosities indicate masses 2-3 times larger than those of Population II Cepheids (Renzini, Mengel, and Sweigart 1977) . The only known example of an anomalous Cepheid in the Galaxy is the star V19 in the globular cluster NGC 5466 (Zinn and King 1982) . V19 has a period of 0.821 day and a sinusoidal light curve, with a V amplitude of 0.64 mag. We have performed a Fourier decomposition analysis of the light curve of V19, and find the following values for the coefficients: t/121(V19) = 4.55, R 21 (V19) = 7.16 x 10-2 . 1 Guest Observer, Cerro Tololo Inter-American Observatory, National Optical Astronomy Observatories, which is operated by the Association of Universities for Research in Astronomy, Inc., under contract with the National Science Foundation.
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Plotting these values on the Fourier diagrams of Simon and Teays (1982) one finds that V19 falls between XZ Ceti and the RR Lyrae field stars on the t/121 plot and is alone with XZ Ceti in the lower right corner of the R21 plot. Thus the qualitative similarities between the two light curves are verified reasonably well by the Fourier analysis. The correspondence is close enough that one must consider the possibility that XZ Ceti, like V19, is an anomalous Cepheid.
In the present work we shall describe new observations of XZ Ceti designed to verify the published period and to obtain estimates of the temperature and surface gravity of this object. With these estimates in hand we shall build pulsation models of XZ Ceti and use them to try to determine the nature of this interesting star.
II. PHOTOMETRY
The light curve of Dean et al. (1977) was obtained by combining observations from many different nights. It is a wellknown fact that many RR Lyrae star light curves do not repeat from one cycle to the next, and so one must be cautious in accepting such a curve for detailed analysis. It was therefore necessary to obtain photometry on a number of successive nights to verify the period and specific shape of the light curve. Broad-band (Johnson) B and V observations were obtained with the 91 cm telescope of Cerro Tololo Inter-American Observatory. Unusually poor weather for November at Cerro Tololo prevented us from acquiring the complete phase coverage which is necessary to perform Fourier analysis of the type used in Simon and Teays (1982) , but some data were obtained on five ofthe seven allotted nights.
Differential photometry was obtained, using the star SAO 148173 as a comparison and SAO 148183 as a check star. Since SAO 148173 is not a well-observed star, it was necessary to establish its constancy; the differences between SAO 148173 and SAO 148183 during the course of the observations are shown in Figure 1 , and verify its nonvariability. The differential photometry was not corrected for air mass difference between the comparison and variable, due to their proximity in the sky. XZ Ceti (SAO 148149) is located at IX = 1h57m52~6, b = -16°35 '15" (1950) ; while SAO 148173 is located at IX = 2h1 m2~0, b = -17°16'23". second column is the phase (with respect to maximum light), the third column gives the differential color index, and the fourth column lists the magnitude difference between variable and comparison. The differential magnitude is given rather than the V magnitude, due to its higher accuracy, but a standard star solution yielded a V magnitude for SAO 148173 of 8.260, from which the V magnitude of XZ Ceti may be inferred. The comparison star was chosen to have a color as close to the variable's as possible, so the color correction terms were quite small (:::;; 0.002 mag). The V light curve of XZ Ceti is shown in Figure 2 .
III. ENERGY DISTRIBUTIONS
In order to estimate the temperature of XZ Ceti, energy distributions were obtained using the Harvard two-channel scanner, on the Cerro Tololo 1.5 m telescope. Observations were made between 3390 and 8090 A at the wavelengths used by Oke (1964) . Unfortunately, weather and instrument prob- ..
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0.6 0.8 lems on both of the nights prevented us from obtaining scans throughout the pulsation cycle. Additional problems which resulted from the abbreviated observing time both nights were that only a limited number of standard stars could be observed, and, especially, that there was an insufficient range in air mass for standard stars to sufficiently determine extinction. The scans were, therefore, corrected for extinction by using the mean extinction coefficients for 1980 July/August at each wavelength, as given by Gutierrez-Moreno, Moreno, and Cortes (1982) for Cerro Tololo.
A single scan consisted of measurements at 20 wavelengths, starting with the shortest, and then repeating the sequence in reverse. This standard procedure provides the best average air mass for the scan. A complete scan' took approximately 6 minutes. To determine each energy distribution, several consecutive scans were added together. The final result was six energy distributions. The instrumental fluxes were converted to standard magnitudes by comparing them with the values for these standards which are cited in Breger's (1978) catalog, which is based on the Hayes and Latham (1975) calibration of Vega.
Lacking any specific information about the color excess of this star, we made no correction to the data for interstellar reddening. This is probably a reasonable assumption given that the galactic latitude ofXZ Ceti is approximately _71°. Table 2 gives the logarithm of the fluxes at each wavelength for the six composite scans. These data have been normalized to 0 at 5000 A. The phase at which the scans were taken is indicated by arrows in Figure 2 . Table 3 gives some details of the composite scans: the number of scans that were added together to form the composite, the mean sidereal time of the observations, the phase of this observation, the inferred B -V color index, the temperature derived for it, and the logarithm of the surface gravity. All of the scans were obtained on 1982 November 7/8 except for scan 2, which was obtained on November 6/7.
IV. TEMPERATURE
In order to determine the temperature, the scans were fitted to the theoretical model atmospheres of Kurucz (1979) . Consideration of the possible nature of XZ Ceti suggests a Population II abundance for this star, and this notion is strengthened by its fairly large distance above the galactic plane. The energy distributions were therefore compared to the Kurucz models with log Z = -2. Although we lack any specific information regarding the abundances of XZ Ceti, a comparison of model atmospheres with the same temperature but different abundances indicates the slope of the continuum longward of the Balmer jump is not strongly dependent upon composition.
The temperatures that were derived from these fits, interpolated by eye, are listed in Table 3 . The temperatures listed represent an average between the eye estimates of one of us (T. J. T.) and those of Schmidt (1984) , which were in close agreement. These six temperatures are inadequate to determine an average temperature for XZ Ceti due to their limited range of phase. To resolve this problem, the B-V color curve was constructed from the photometry and a relation was determined between the temperatures derived from the scans and those derived from the colors. Unfortunately, as is obvious from Figure 2 , the scans from which the temperatures were obtained happened to occur, for the most part, during the phases for which it was not possible to secure photometry. The best that could be done was to sketch in the remainder of the curve, under the assumption that it varied smoothly across this gap in phase, a presumption which is supported by the descending branch of the light curves obtained by Dean et al. (1977) . A linear regression analysis was done, and the relation between the temperature and the respective color indices for these six points was computed. The result was:
B-V = -1.492 x 1O-4 T + 1.318.
(1) The average <B -V) was then calculated by averaging points selected at each 0.1 in phase. 2 The average color index yielded by this procedure was 0.343. This was then converted to an average temperature via equation (1). The final result is that the average temperature for XZ Ceti is 6540 K. It is this temperature that we will use in our discussion below. The models and the scans were also compared with respect to the size of the Balmer jump, in order to deduce an approximate surface gravity. The comparison of observations of a pulsating stellar atmosphere to models of a static atmosphere is a questionable procedure, but it should serve as a rough estimate. All the scans occur during the descending branch of the light curve. These estimates of surface gravity are listed in Table 3 and are discussed in the theoretical analysis below. The gravities obtained are unexpectedly low, falling close to log 9 = 2.0. Note that Zinn and King (1982) found essentially the same values for the anomalous Cepheid V19, using the same model atmospheres as we have.
V. THE MODELS
Linear nonadiabatic (LNA) pulsation models were integrated using the conventional Lagrangean code described by Aikawa and Simon (1983) . The models all had Population II composition (X = 0.70, Z = 0.001) and an effective temperature, T.:ff = 6500 K, corresponding to the temperature obtained from the observations of XZ Ceti described in earlier sections. Table 4 displays the model parameters: mass, luminosity, estimated blue absolute magnitude, and log of surface gravity. The last column gives a brief characterization of the model: RR = RR Lyrae, BL = BL Her, AC = anomalous Cepheid; F = fundamental, 0 = first overtone. overtone to fundamental period, second-overtone growth rate, ratio of third overtone to fundamental period, and thirdovertone growth rate. For each model the period of the mode meant to represent XZ Ceti is entered in boldface. Since the models are preliminary no attempt was made to match the calculated period exactly to that of the star.
Model 1 falls within the range of masses and luminosities calculated by Cox (1980) but is somewhat overluminous compared with the canonical value for RR Lyrae stars . The choice of luminosity was necessary to match the period of XZ Ceti. However, this model has period ratios (P 2/P O = 0.57, P3/PO = 0.46) which are far from resonance. To construct a resonant model one can impose the resonance condition (say, P 2 /P O = 0.5), in which case the mass and luminosity will be determined for any given temperature. With T = 6500 K, corresponding to XZ Ceti, we obtain model 2. This model is indeed resonant, but its mass is 0.23 M 0' far too low for a normal RR Lyrae star. While a resonant model with acceptable mass could be constructed for P 3/ P 0 = 0.5, there is another line of evidence which goes toward ruling out any fundamental mode (F-mode) RR Lyrae explanation for XZ Ceti.
Petersen (1984) has plotted XZ Ceti on Fourier decomposition diagrams (Simon and Teays 1982) with stars of similar period from the globular cluster OJ Cen. While the latter stars (presumably F-mode pulsators) form an orderly sequence in the Fourier quantities ¢21 and R 21 , XZ Ceti lies far from these points, falling well above on the ¢21 diagram and well below on the R21 diagram. On the other hand, Petersen shows that, apart from XZ Ceti, the other field stars in the sample of Simon and Teays (1982) have Fourier coefficients which fit well with the stars of OJ Cen. Thus there are two different arguments which seem to converge toward the conclusion that XZ Ceti is not a F -mode RR Lyrae star.
Model 4 has standard parameters for a BL Her star (see, e.g., Carson, Stothers, and Vemury 1981). While its first overtone period corresponds to that of XZ Ceti, it can be seen from Table 5 that the linear growth rate '71 of this mode is slightly less than the growth rate 1]0 of the fundamental. Although it is not generally possible to predict limiting amplitude behavior from linear models, it has nonetheless been the experience of a number of investigators that when both modes are linearly unstable, the fundamental 'limit cycle will be selected if its linear growth rate approaches or exceeds that of the overtone (King et al. 1973; Stellingwerf 1975) . We note that model 4 lies in the region of the H-R diagram in which the first-overtone blue edge has already crossed redward of the fundamental blue edge (Cox 1980) . Indeed, hydrodynamic calculations indicate that model 4 ought to fall in the F -mode-only domain in both the Stellingwerf (1975) and Spangenberg (1975) stability diagrams (Cox 1980). Thus we can tentatively explain the observational result that all BL Her stars seem to be pulsating in the fundamental mode: these stars lie in a region of the H-R diagram characterized by F -mode-only pulsation.
Models 3 and 5 are anomalous Cepheid models with parameters similar to those given by Zinn and King (1982) for V19. In model 3 the fundamental period matches that of XZ Ceti, but the first, second, and third overtones are also unstable, with linear growth rates exceeding that of the fundamental by factors of 6, 15, and 8 respectively. In addition, the mass of this model is probably unacceptably large to have resulted from binary mass exchange in a Population II system (Renzini, Mengel, and Sweigart 1977) . Some further arguments against this model will be presented below.
Model 5 represents an anomalous Cepheid pulsating in the first overtone. Its mass is equal to the" typical" mass given by Renzini, Mengel, and Sweigart (1977) for anomalous Cepheids, assuming th;:: canonical value M = 0.65 M 0 for RR Lyrae stars. While this model is linearly unstable in the first three normal modes, its first overtone growth rate exceeds that of the fundamental by a factor > 4, and that of the second overtone by a factor> 3. Although it needs to be emphasized again that we cannot translate linear growth rates directly into limit cycles, this result certainly seems favorable for the first overtone.
The surface gravity of model 5 is log 9 = 2.5. The handful of gravity measurements for XZ Ceti seem to indicate that this value is too high, as are the gravities for the other models in Table 4 . However, as pointed out earlier, the gravity of Zinn and King's (1982) preferred model for V19 is also high with respect to actual measurements of log g. These results could indicate that the model parameters are incorrect, but more likely they reflect underestimation of the gravities of the respective stars. Accurate determination of the static gravity of a pulsating star constitutes a long-standing problem in variable star research (see, e.g., the discussion and references in Simon 1979) . For the case of XZ Ceti the discrepancy in log 9 is worst for two of the F -mode models, viz., models 1 and 3.
VI. DISCUSSION
Five LNA pulsation models have been constructed for the small-amplitude variable XZ Ceti. Of these, three have an F-mode period corresponding to that of the star (models 1, 2, and 3), while the remaining two are first-overtone models. In the previous section a number of arguments have been advanced against the F-mode interpretation. Models 1 and 3 do not have appropriate period ratios to provide a resonance explanation for the low-amplitude, sinusoidal light curve ofXZ Ceti. These two models also display slightly larger discrepancies with the estimated surface gravity of the star. While the anomalous light curve of XZ Ceti might be due to the possible location of the star near the red edge, the Fourier parameters ¢21 and ¢31' which do not seem to depend upon amplitude (Simon and Lee 1981; Simon and Teays 1982) , argue against this. In particular it is difficult to understand why none of the stars in Petersen's (1984) sample have Fourier coefficients like those of XZ Ceti even though a number of them are comparable in period and color (Butler, Dickens, and Epps 1978) .
Model 2 shows a resonance which could explain XZ Ceti's unusual light curve by analogy with the classical Population I Cepheids (Simon and Teays 1982; Simon and Lee 1981) . However, this model has a very low mass, hard to reconcile with the theory of stellar evolution. On the other hand, the anomalous Cepheid model (model 3) has too large a mass to interpret it as the product of binary mass exchange. Furthermore, the fundamental mode of model 3 is only very weakly energized.
If we eliminate the F-mode models on the basis of these constraints, we are left with the two overtone representations, models 4 and 5. Assuming that model 4 is correct, XZ Ceti is a short-period Type II Cepheid (BL Her star) with a distance from the Sun of 0.82 kpc and an elevation from the galactic disk of 0.79 kpc. The main difficulty with model 4 is that our (admittedly rudimentary) knowledge of modal selection indicates fundamental (rather than overtone) pulsation at limiting amplitude.
If we accept model 5, then XZ Ceti is an anomalous Population II Cepheid whose high mass results from binary mass exchange. In this case its distance and elevation are 1.19 kpc and 1.12 kpc respectively. The absolute blue magnitude MB of XZ Ceti may be evaluated as follows:
where (B -V)o and BC are taken from the interpreted observations, and M hoi is calculated from the model luminosity. The values of M B are given in Table 4 . The blue magnitude associated with model 5 is -0.56, which places XZ Ceti in the middle of the anomalous Cepheid locus in the M B -log p diagram given by Zinn (1980) . No strong objection to the first-overtone anomalous Cepheid model is apparent from any of the data on hand.
Thus we may at present rank the viable models for XZ Ceti as follows: (1) first overtone anomalous Cepheid, and (2) first overtone BL Her star. While the former seems preferable at the moment, further research will be necessary to verify this conclusion. On the observational side, a search for a dim companion to XZ Ceti would be particularly important, while hydrodynamic modeling of a number of the candidates could go part of the way toward clearing up the theoretical uncertilinties. It is clear that considerable work needs to be done before the nature of XZ Ceti can be ascertained with any degree of certainty. If XZ Ceti does indeed turn out to be an anomalous Cepheid, then it would be only the second one known in our Galaxy, and would be by far the brightest, and hence easiest to study, member of this class of stars.
Note added in manuscript.-After completing this manuscript we learned from J. Lub that he has determined the reddening of XZ Ceti to be 0.03. This small reddening would then slightly increase the temperature and gravity results.
